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(57) ABSTRACT

A rotary device includes a housing having a tubular surface.
The surface has an throughpassing axis and first and second
ports. A rotor body rotates about the axis and has a plurality of
slots extending generally radially from the axis. A vane is
mounted in each slot for reciprocation such that the surface
can be swept by the vanes as the body rotates. A seal permits
fluid to flow into and out of the device substantially only via
the first and second ports such that the vanes create chambers
which decrease in volume when in communication with the
first port and increase in volume when in communication with
the second port. The tubular surface is oval in cross-section.
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1
OVAL CHAMBER VANE PUMP

FIELD OF THE INVENTION

The invention relates to the field of rotary devices, such as
pumps.

BACKGROUND OF THE INVENTION

A vane pump consists of vanes mounted to a rotor that
rotates inside a cavity. These vanes can be of variable length
and/or tensioned to maintain contact with the cavity wall as
the pump rotates.

SUMMARY OF THE INVENTION

A rotary device for use with a fluid forms one aspect of the
invention. The device comprises: a housing having a tubular
surface, the tubular surface having a rotation axis passing
therethrough in spaced relation and having first and second
ports defined therein; a rotor mounted for rotation about the
axis, the rotor including a body mounted interiorly of the
tubular surface and having a plurality of slots, each slot
extending at least generally radially from the axis; for each
slot, a vane, the vane being mounted in the slot for recipro-
cation; an arrangement for causing the vanes to retract and
extend as the rotor body rotates, to sweep the tubular surface
at least in part; and a sealing structure providing a seal to
permit said fluid to flow into and out of the rotary device
substantially only via the first and second ports and adapted
such that the vanes create chambers which decrease in vol-
ume when in communication with the first port and increase
in volume when in communication with the second port. The
device is characterized in that the arrangement is such that, in
use, each vane extends and retracts only when the fluid pres-
sure on the leading and trailing surface of the vane is substan-
tially equal.

According to another aspect of the invention, the tubular
surface can be oval in cross-section.

According to another aspect of the invention, the arrange-
ment can defined by: an oval track defined in the housing; and
for each vane, a track follower which traverses the track and
is rigidly connected to said each vane.

According to another aspect of the invention: the oval track
can be defined by a pair of oval raceways defined on opposite
sides of the housing body; and the track follower for each
vane can be defined by a roller assembly for each raceway,
each roller assembly including an arm extending from said
each vane and a roller rotatably mounted to the arm to traverse
said raceway.

According to another aspect of the invention, the rotor
body can be cylindrical.

According to another aspect of the invention, each vane can
extend and retract along a respective translation axis defined
by the slot for which said each vane is provided, said trans-
lation axis being offset from the rotation axis such that, in use,
when the fluid pressure on the leading and trailing surface of
the vane is otherwise than substantially equal, said each vane
is orientated substantially perpendicular to the direction of
fluid flow.

According to another aspect of the invention, the rotor can
further comprise a pair of discs mounted on opposite sides of
the rotor body and having grooves defined therewithin
aligned with the slots of the rotor body to support the vanes
when extended.
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According to another aspect of the invention, the device
can further comprise a main shaft rigidly mounted to the rotor
body and defining the rotation axis.

According to another aspect of the invention, the device
can further comprise: a secondary shaft rotatably coupled to
the housing; and a gear arrangement operatively coupling the
secondary shaft to the rotor.

According to another aspect of the invention, the gear
arrangement can comprise: a pair of first gears carried by the
secondary shaft; and for each first gear, a second gear carried
by the rotor and in mesh with said each first gear.

According to another aspect of the invention, in use, as
each vane passes a pumping area, a gap can open between the
tubular surface and the vane, and as each vane approaches the
pumping area, the gap can close.

According to another aspect of the invention: the oval track
can be defined by a pair of oval raceways defined on opposite
sides of the housing body; and the track follower for each
vane can be defined by a roller assembly for each raceway,
each roller assembly including an arm extending from said
each vane and terminating in a pintle and a bearing receiving
the pintle for rotation and itself mounted for sliding motion
along said raceway.

According to another aspect of the invention, the bearings
can function in the manner of a spring to allow for limited
radial motion of the vane.

According to another aspect of the invention, the bearings
can, in the rotary device, be pre-stressed so as to counter
frictional forces that would otherwise tend to rotate the bear-
ings in the raceways and result in wear and binding.

According to another aspect of the invention, the raceways
can be adapted such that, but for the spring action of the
bearings, the wipers would be in interference contact with the
tubular surface.

According to another aspect of the invention, each slot can
have a surface against which the vane for said slot slides, the
surface being defined by a plurality of raised ridges, so as to
define channels in which fluid can travel and avoid hydraulic
lock on vane extension and retraction which could otherwise
occur.

According to another aspect of the invention, vent plates
can be provided for and define part of each slot, each vent
plate defining the surface having raised ridges against which
the vane slides and terminating at its radial limit in an arcuate
extension of the rotor body.

Advantages, features and characteristics of the present
invention, as well as methods of operation and functions of
the related elements of the structure, and the combination of
parts and economies of manufacture, will become more
apparent upon consideration of the following detailed
description and the appended claims with reference to the
accompanying drawings, the latter being briefly described
hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a pump according to an

exemplary embodiment of the invention;
FIG. 2 is a partially exploded view of the structure of FI1G.

1

FIG. 3 is a fully exploded view of the structure of FIG. 1;

FIG. 4 is a partially exploded view of encircled area 4 of
FIG. 2;

FIG. 4A is an enlarged view of a portion of FIG. 4;

FIG. 5A is a perspective cross-sectional view along 5-5 of
FIG. 1,

FIG. 5B is a front view of the structure of FIG. 5A;
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FIG. 6 is a cross-section along 6-6 of FIG. 1;

FIG. 7 is an enlarged view of encircled area 7 of FIG. 4;

FIG. 8A is an enlarged view of encircled area 8 of FIG. 3;

FIG. 8B is a view of the structure of FIG. 7, from another
vantage;

FIG. 9A is an enlarged view of the structure indicated by
arrow 9A on FIG. 3;

FIG. 9B is a front view of the structure of FIG. 9A;

FIG. 9C is a side view of the structure of FIG. 9A;

FIG. 9D is a view along B-B of FIG. 9B;

FIG. 10 is a front view of the structure of FIG. 7,

FIG. 11 is a view along 11-11 of FIG. 10;

FIG. 12 is an enlarged view of encircled area 12 of F1G. 11;

FIG. 13 is a view similar to FIG. 5B;

FIG. 14A is an enlarged view of encircled area 14 of FIG.
3;

FIG. 14B is a top view of the structure of FIG. 14A;

FIG. 14C is a side view of the structure of FIG. 14C;

FIG. 14D is a section along D-D of FIG. 14B;

FIG. 14E is an end view of the structure of FIG. 14A;

FIG. 14F is a section along F-F of FIG. 14B;

FIG. 15A is a partial cut-away of the structure of FIG. 1;

FIG. 15B is a view similar to FIG. 5A;

FIG. 16 is a view along 16-16 of FIG. 10;

FIG. 17A is a view of the structure of FIG. 1, with portions
removed for clarity;

FIG. 17B is an enlarged view of a portion of FIG. 17A; and

FIG. 18A is a view similar to FIG. 8A;

FIG. 18B is a front view of the structure of FIG. 18A;

FIG. 18C is a side view of the structure of FIG. 18A;

FIG. 19 is a fluid velocity plot;

FIG. 20 s a view similar to FIG. 10 of another embodiment
of the invention;

FIG. 21 is an exploded view of the embodiment of FIG. 20;

FIG. 22A is a perspective view of a portion of the structure
of FIG. 20;

FIG. 22B is a top view of the structure of FIG. 22A;

FIG. 22C is a front view of the structure of FIG. 22A,;

FIG. 23A is a perspective view of another portion of the
structure of FIG. 20,

FIG. 23B is an end view of the structure of FIG. 23A;

FIG. 23C is a front view of the structure of FIG. 23A;

FIG. 24 is a diagram showing geometric relationships
amongst the components of a rotary device according to an
exemplary embodiment;

FIG. 25 is a view similar to and showing an alternate
embodiment of the structure of FIG. 22;

FIG. 25A is a top view of the structure of FIG. 25;

FIG. 25B is a front view of the structure of FIG. 25;

FIG. 25C is a bottom view of the structure of FIG. 25;

FIG. 25D is an end view of the structure of FIG. 25;

FIG. 25E is another perspective view of the structure of
FIG. 25,

FIG. 26 is an enlarged partial view of the structure of FIG.
20;

FIG. 27 is a view similar to FIG. 26 showing the structure
of FIG. 25 in use;

FIG. 28 is a view similar to FIG. 18 A showing an alternate
embodiment of the structure of FIG. 18A; and

FIG. 29 is a perspective view showing the structure of FIG.
28 in use.

DESCRIPTION

An exemplary embodiment of the invention is shown in
FIGS. 1-18 and is embodied as a pump 20. The pump will be
seen in FIG. 3 to comprise a housing 22, a primary shaft 23,
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4

a rotor body 24, a plurality of vanes 26', 262, 26, etc., a pair
of discs 28, an arrangement 30, a sealing structure 32 and a
coupler 34.

The housing 22 includes a pair of end plates 36 and a
housing body 38.

As best seen in FIG. 2, each end plate 36 has a central
aperture 40, a peripheral aperture 42, a plurality of through
holes 44 and, on the inner face thereof, an annular groove 46.

With reference to FIGS. 1-5B, the housing body 38: is
captured between the end plates 36; defines interiorly a tubu-
lar surface 48; defines interiorly a throughpassing bore 49;
has a plurality of lugs 50 disposed exteriorly thereof; and has
defined therewithin, on each side, an annular channel 52.
Tubular surface 48 will be seen to: be oval in cross-section; to
have first 54 and second 56 ports defined therein; and to have
a socket 58 defined therewithin, intermediate the ports 54,56.
The lugs 50 are provided one for each of the throughholes 44
of the end plates 36 and are occupied, in use, by nut 60 and
bolt 62 assemblies that secure the end plates 36 to the housing
body 38. In this description and in the accompanying claims,
“oval” shall be understood to have the ordinary meaning
attributed thereto, namely, generally in the shape of an egg,
and does not imply any specific geometric relationship.

The primary shaft 23, which is keyed at both ends and
centrally, passes through the tubular surface 48 in spaced
parallel relation and is mounted for rotation to the end plates
36 by bearings 64.

The rotor body 24, which is disposed interiorly of the
tubular surface 48 and mounted to the primary shaft 23 for
rotation therewith, has a plurality of slots 66" 66, 66°, etc.,
each slot 66 extending generally radially from the rotational
axis X-X of the shaft 23.

The vanes 26 are provided one for each slot 66, each vane
66 being mounted in the slot 66 for which it is provided for
reciprocation such that the tubular surface 48 can be swept by
the vanes 26 as the rotor body 24 rotates. Each vane 26
extends and retracts along a translation axis Y'-Y*', Y2-Y?,
etc. defined by the slot 66 for which said each vane 26 is
provided, as indicated in FIG. 10

Returning to FIGS. 1 and 3, the discs 28 will be seen to be
mounted on opposite sides of the rotor body 24 and have
radial grooves 68 defined therewith aligned with the slots 66
of the rotor body 24 to support the vanes 26 when extended.
Exteriorly of each disc 28 there is defined an annular groove
46.

The discs 28, in combination with the rotor body 24, define
a rotor.

The arrangement 30 is for causing the vanes 26 to retract
and extend as the rotor body 24 rotates, to sweep the tubular
surface 48, and comprises an oval track 72 and, for each vane
26, atrack follower 74 that traverses the track 72 and is rigidly
connected to said each vane 26. The oval track 72 is defined
by a pair of oval raceways 78 defined on opposite sides of the
housing body 24.

The track follower 74 for each vane is defined by a roller
assembly for each raceway 78, each roller assembly including
an arm 80 rigidly extending from said each vane and a roller
82 rotatably mounted to the arm 80 to traverse said raceway
78, all as indicated in FIG. 4A

The sealing structure 32 is for providing a seal to permit
said fluid to flow into and out of the rotary device 20 substan-
tially only via the first 54 and second 56 ports and adapted
such that the vanes create chambers which decrease in vol-
ume when in communication with the first port 54 and
increase in volume when in communication with the second
port 56.
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To provide this functionality, the sealing structure 32 com-
prises, as indicated in FIG. 3: outer gaskets 84, which seal the
end plates 36 to the housing body 38; sealing rings 86 for each
of the annular grooves 46, which provide for a dynamic seal
between each disc 28 and the adjacent end plate 36; a rigid
fitted gasket 88 disposed in each annular channel 52, which
provides for a dynamic seal between the housing body 38 and
the disc 28; wipers 90 (best seen in FIG. 9A) mounted to the
tip of each vane 26; and a bridge seal 92 mounted in the socket
58.

The bridge seal 92 is shown in isolation in FIG. 14A and
will be seen to include: a wiper body 94; a plurality of
recesses 96; and, in each recess 96, a spring 98, which col-
lectively urge the wiper body 94 against the rotor body 24 for
start-up. In steady-state operation, a bleed passage 110 which
leads between the ports 54,56 and the socket 58, allows work-
ing pressure to force the bridge seal 92 against the rotor body
24.

Returning again to FIG. 3, the coupler 34 will be seen to
comprise a secondary shaft 100 and a gear arrangement 102.
The secondary shaft 100, which is keyed at both ends and
centrally, passes through the peripheral apertures 42 and the
bore 49 and is mounted for rotation to the end plates 36 by
bearings 64. The gear arrangement 102 operatively couples
the secondary shaft 100 to the rotor body 24 and comprises a
pair of first gears 104 keyed to the secondary shaft 100; and
for each first gear 104, a second gear 106 carried by a disc 28
and in mesh with said each first gear 104. Persons of ordinary
skill will readily appreciate that this provides an alternative
mechanism for driving the pump: whereas the pump could be
actuated by rotation of the primary shaft 23, this would neces-
sitate, for example, a relatively low speed, high torque motor
(not shown); the alternative provided by the secondary shaft
100 and gear arrangement 102 allows the pump to be actuated
by rotation of the secondary shaft 100, using, for example, a
relatively more commonplace high speed, low torque motor
(not shown).

It will be evident that the above structure has significant
advantage:

by virtue of the shape of the oval track 72, which notably

differs from the that of the tubular surface 48, in use:

generally-speaking, each vane 26 extends and retracts
only when the fluid pressure on the leading and trail-
ing surface of the vane is substantially equal; as a
result, the loads borne by the track followers are rela-
tively modest, wear occurs relatively slowly and
mechanical efficiency is increased

the wipers 90 sweep the tubular surface 48 largely only
in the pumping area [indicated by reference numeral
93 in FIG. 5B] and are otherwise spaced apart there-
from; as a result, wear occurs relatively slowly and
mechanical efficiency is increased; as well, the retrac-
tion of the vanes well in advance of the bridge seal 92,
and extension of the vanes well following the bridge
seal 92 is, without intending to be bound by theory,
believed to have advantage in the context of flow
efficiency [less flow disruption]

a gap between each wiper 90 and the tubular surface 48
opens relatively quickly after the wiper 90 passes the
pumping area 93, disappears relatively shortly before
the wiper 90 reaches the pumping area 93, and grows
relatively large outside the pumping area, with com-
mensurate impacts on flow dynamics and efficiency.
This is best seen in FIGS. 5B and 13, wherein it will be
seen that the wipers 90 are spaced from the tubular
surface 48 near the bridge seal 92, leaving a gap 91
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the volume of the pumping chambers (the spaces defined
between the rotor and the tubular surface, between
adjacent pairs of vanes disposed in the pumping area
93) does not change, which allows for tight sealage
and also facilitates sharing of loads amongst vanes

sudden drastic changes in vane position and vane motion
are avoided, with advantageous impacts on wear

by virtue of the orientation of the translation axes Y,-Y?,

Y2-Y?, etc. of the vanes, i.e. offset from the rotation axis
X-X, in use, when the fluid pressure on the leading and
trailing surface of the vane is otherwise than substan-
tially equal (i.e. when the vane is extended and under
load), said each vane is orientated substantially perpen-
dicular to the direction of fluid flow. This distributes the
load from the vanes to the side disks and rotor body,
thereby reducing loads in the vanes, simplifying produc-
tion and avoiding turbulence in use

the rigid fitted gasket 88 stops leakage and also allows the

housing to have a relief or cut for removing or loading
vanes for assembly or repairs.

FIG. 19 is a CFD model based on a device similar in
operation to the device of FIGS. 1-18C. [One notable difter-
ence being the existence of only eight (8) vanes, which was
done for computational simplicity and is not believed to have
any material effect on the result. For the purpose of the model,
the vane geometry was simplified, and leakage flow at the
vane tip was assumed; these divergences would undoubtedly
impact the CFD results, but it is believed that these changes
would not significantly impact upon the results.] Herein, it
will be seen that the flow uniformity throughout the pumping
region and at the inlet and outfall is reasonably good, and that
velocity drops off significantly in the region near the bridge,
that is, point of maximum vane retraction; persons of ordinary
skill will appreciate that the foregoing suggests that turbu-
lence is not a major concern, which has advantageous impacts
upon efficiency.

In this regard, testing was done on a pump of the above-
noted type, sized for movement of 1.3 gallons of water per
rotation. The pump has shown the following characteristics:

capable of self-priming water to 26'-6" at 100 rpm, at 1000

feet above sea level

pumped 1.6 million gallons of water without failure

when running at 0.644 HP, pumping 151.29 gpm of water,

the pump achieved volumetric efficiency of 94.59% and
mechanical efficiency of 83.33%

Whereas but a single embodiment is hereinbefore
described, it will be evident that variations are possible.

For example, whereas a secondary shaft and coupler are
illustrated in the structure of FIGS. 1-18C, these could be
routinely omitted.

Further, whereas the device in FIGS. 1-18C is indicated to
be a pump, it will be evident that the structure could be
utilized with other rotary devices, such as motors, meters and
propulsion devices.

Additionally, whereas specific designs are illustrated for
the bridge seal, wipers, etc., it will be evident that sealing
could be obtained through other mechanisms.

As well, whereas rollers are shown in FIGS. 1-18C, the
followers could take other forms, for example, simple studs
adapted for sliding movement in the track.

Indeed, another form of the followers is shown in FIGS.
20-23C.

These drawings show a rotary device similar to that shown
in FIGS. 1-18C but differing notably therefrom in that:

the track follower for each vane is defined by a bearing

assembly for each raceway 78, each bearing assembly
including (i) an arm 100 extending from said each vane
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and terminating in a pintle 102 and (ii) a bearing shoe
104 mounted to traverse said raceway 78 and in which
the pintle 102 is mounted for rotation; and

vent plates 106 are provided for each vane.

The bearing shoe 104 will be seen in FIGS. 22A-22C to be
an injection-molded, resilient, hard-wearing plastic device
having a central socket 108 in which pintle 102 is mounted in
use and having upper 110 and lower 112 runners.

The upper 110 and lower 112 runners are each formed
generally in the manner of a leaf spring to allow for limited
radial motion of the vane and allow the raceway 78 to be
shaped so as to bring the wipers 90 against the tubular surface
48 with some force in the pumping area, i.e. the raceways and
bearing shoes are shaped and adapted such that, but for the
spring action of the bearing shoes, the wipers would be in
interference contact with the tubular surface. The spring
action ensures good sealage and also allows for thermal
expansion and contraction of the vanes in use, which, if not
otherwise accommodated, could result in wear or leakage
depending upon the ambient conditions and the coefficient of
thermal expansion of the vanes.

The vent plates 106 are mounted one for each vane and so
as to define one of the surfaces of the slot for each vane and
against which said vane slides in use. The surface against
which said each vane slides is defined by a plurality of raised
ridges 112, each having tapered ends 114, so as to define
channels 116 in which fluid can travel, as best seen in FIG. 23
C

The vent plates 106 avoid hydraulic lock on vane extension
and retraction which could otherwise occur in some situa-
tions. Vent plates 106 will be seen in FIG. 20 to each terminate
at its radial limit in an arcuate extension of the rotor body, so
asto provide for a smooth transition as the vent plates pass the
bridge seal 92.

Additionally, whereas a specific geometry is shown in
FIGS. 5B and 13, variation is also possible herein. In this
regard, reference is made to FIG. 24, which shows the geom-
etry of a rotary device according to an exemplary embodi-
ment of the invention. In FIG. 24, the outside edge of the path
of the bearing shoes is indicated by arc 24A; the inside edge
of the path of the bearing shoes is indicated by arc 24B; the
limit of the tubular surface is indicated by 24C; and the outer
circumference of the rotor body is indicated by 24D. The
drawing shows various radii and geometric relationships for
arcs 24A-24D, which will be readily understood by persons
of'ordinary skill and accordingly further description is neither
required nor provided.

Yet another variation is shown in FIG. 25. Herein, a varia-
tion 104' of the bearing shoe 104 of FIG. 22 is shown. Bearing
shoe 104' looks and functions similarly to bearing shoe 104
and thus is labeled accordingly. However, it is speculated that
bearing shoe 104' may show improved performance in use.
By way of background, reference is made to FIG. 26, which
shows a portion of the device of FIG. 20 that includes bearing
shoes 104. Arrow A shows the direction of rotation of the
rotor. In this rotary device, localized wear has been noticed at
the locations indicated by arrows B. Without intending to be
bound by theory, this localized wear is believed to be caused,
inter alia, by frictional forces that tend to cause bearing shoes
104 to rotate in the direction of arrows C. FIG. 27 shows the
structure of FIG. 26, with bearing shoes 104' substituted for
bearing shoes 104. Bearing shoes 104' are pre-stressed once
positioned in the raceways so as to be relatively more resistant
to compression on the trailing side that bearing shoes 104,
which is believed will create forces as indicated by arrows D
which will counter the rotational forces and minimize local-
ized bearing wear as well as binding.
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Yet another variation is shown in FIG. 28, which shows a
structure similar to plate 28 of FIG. 18A but having slots
defined on both faces therein. Use of plate 28' allows a pair of
rotary devices to be ganged upon a common shaft, as shown
in FIG. 29, with advantageous impacts in terms of flexibility
and manufacturing costs.

In view of the foregoing, the invention should be under-
stood as limited only by the claims appended hereto, purpo-
sively construed.

The invention claimed is:

1. A method of operating a rotary device, the method com-
prising:

pumping a fluid in the rotary device, the rotary device

having a tubular surface defining in part a tubular vol-
ume, the tubular volume defining at least in part a pump-
ing zone and a first working zone;
rotating a rotor, the rotor mounted for rotation about a
rotation axis, the rotor having a body mounted within the
tubular volume and having slots, each slot extending at
least generally radially from the axis, each slot housing
at least a portion of a vane having a wiper disposed on an
end of the vane, each vane including a respectively asso-
ciated track follower connected to the vane, each track
follower sized to engage and traverse an oval track, the
oval track defined in the rotary device and having a shape
different than a cross-section of the tubular volume;

extracting, at a first extraction distance, the vane at the first
working zone of the tubular surface, the first extraction
distance being greater than zero separating the wiper
from the tubular surface, the first extraction distance
being a variable distance decreasing as the vane
approaches the pumping zone;

extracting, at a second extraction distance, the vane at the

pumping zone of the tubular surface, the second extrac-

tion distance being the distance separating the wiper

from the tubular surface, the second extraction distance

being less than the first extraction distance; and
pumping the fluid out of the rotary device;

wherein the first extraction distance gradually changes

until it reaches a minimum first extraction distance, the
minimum first extraction distance being equal to the
second extraction distance.

2. The method of claim 1, wherein the second extraction
distance is substantially equal to zero.

3. The method of claim 1, wherein during extracting, at the
first working zone, the wiper is separated from the tubular
surface by a variable distance, the variable distance decreas-
ing as the vane approaches the pumping zone.

4. The method of claim 1, further comprising retracting, at
a first retraction distance, the vane at a second working zone
adjacent the pumping zone, the first retraction distance being
the distance separating the wiper from the tubular surface.

5. The method of claim 1, further comprising sealing the
fluid to flow into and out of the rotary device substantially
only through an input port and an output port.

6. A method of operating a rotary device, the method com-
prising:

pumping a fluid in the rotary device, the rotary device

comprising a housing having a tubular surface defining
in part a tubular volume, the tubular volume defining at
least in part a pumping zone and a first working zone;

rotating a rotor, the rotor mounted for rotation about a

rotation axis, the rotor having a body mounted within the
tubular volume and having slots, each slot extending at
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least generally radially from the axis, each slot housing
at least a portion of a vane having a wiper disposed on an
end of the vane, each vane including a respectively asso-
ciated track follower connected to the vane, each track
follower sized to engage and traverse an oval track, the
oval track defined in the housing outside the tubular
volume and having a shape different than a cross-section
of the tubular volume;

extracting, at a first extraction distance, the vane at the first
working zone of the tubular surface, the first extraction
distance being greater than zero separating the wiper
from the tubular surface, the first extraction distance
being a variable distance decreasing as the vane
approaches the pumping zone;

extracting, at a second extraction distance, the vane at the
pumping zone of the tubular surface, the second extrac-
tion distance being the distance separating the wiper
from the tubular surface, the second extraction distance
being less than the first extraction distance; and
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pumping the fluid out of the rotary device;

wherein the first extraction distance gradually changes
until it reaches a minimum first extraction distance, the
minimum first extraction distance being equal to the
second extraction distance.

7. The method of claim 6, wherein the second extraction
distance is substantially equal to zero.

8. The method of claim 6, wherein during extracting, at the
first working zone, the wiper is separated from the tubular
surface by a variable distance, the variable distance decreas-
ing as the vane approaches the pumping zone.

9. The method of claim 6, further comprising retracting, at
a first retraction distance, the vane at a second working zone
adjacent the pumping zone, the first retraction distance being
the distance separating the wiper from the tubular surface.

10. The method of claim 6, further comprising sealing the
fluid to flow into and out of the rotary device substantially
only through an input port and an output port.
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